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ABSTRACT An orifice leak tester for use with a helium mass 
spectrometer is disclosed. The leak tester comprises a sample 
chamber, wherein an article to be tested is supported on a wire 
screen; an orifice formed in a wall common to the sample 
chamber and mass spectrometer specimen chamber; and 
means for directing a purging gas over the orifice and through 
the sample chamber. A specimen pressurized with helium gas 
is introduced into the previously purged sample chamber. 
Helium gas effusing from a leaking specimen flows through 
the pressure limiting orifice and is detected by the spectrome- 
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ORIFICE GROSS LEAK TESTER 
ORIGIN OF THE INVENTION 
The invention described herein wz made by an employee 
of the United States Government and may be manufactured 
and used by or for the Government for governmental purposes 
without the payment of any royalties thereon or therefor. 
BACKGROUND OF THE INVENTION 
methods and apparatus for employing helium mass spectrome- 
ter leak testing to the detecting of gross leaks in containers. In 
accomplishing the foregoing, the present invention contem- 
plates an orifice leak test wherein communication between the 
article being tested and the leak tester specimen chamber is 
via an orifice. 
The present invention thus comprise apparatus which may 
be mounted in the specimen chamber of a helium leak detec- 
tor; the invention defining a sample chamber separated from 
lo the leak tester specimen chamber via an orifice which is 
designed to limit the gas flow between the and 
specimen chambers to a rate that can be handled by the mass 
spectrometer high vacuum Pump. A h  in accordance with the 
spectrometer is 
maintained within the tolerable region necessary for accurate 
mass spectrometer readings and the sample chamber remains 
2. Description of the Prior Art at substantially atmospheric pressure during the period of 
While not limited thereto in its utility, the present invention communication between the specimen chamber and mass 
is particularly well suited to the testing of encapsulated 20 spectrometer. 
semiconductor devices for leaks. As is well known, many The present invention is also characterized by provision for 
semiconductor devices, and particularly integrated circuits, purging the sample chamber between tests to both prevent 
are adversely affected by the presence of a few parts.Fr mil- contamination of the orifice, to remove the possibility of inac- 
lion of water. Semiconductor devices must, therefore, be her- curate tests due to the detection of helium remaining in the 
metically sealed in order to prevent exposure of the semicon- 25 specimen chamber from a prior text. 
ductive material to water vapor. Typically, either one or a plu- 
rality of semiconductor devices will be sealed within a “TO- BRIEF DESCRIPTION OF THE DRAWING 
can” and it is necessary to conduct l e d  tests on such The present invention may be better understood and its nu-’ 
packaged devices to insure that the containers are hermeti- merOuS objects and advantages will become apparent to those 
cally sealed. If, in testing, an integrated circuit package has a 30 skilled in the art by reference to the accompanying drawing 
leak rate of less than 5x1O1’std. cc./sec. it is considered her- wherein like reference numerals refer to like elements in the 
several FIGS. and in which: metic. 
FIG. 1 schematically shows a prior art helium leak detector; 
of test is the gross leak test wherein leak rates greater than FIG. 2 is a schematic drawing which illustrates the princi- 
IOl5 cc/sec. are detected. The second category of test is the 35 ples of 
FIG. 3 is a side elevation view, partially in section, of first fine leak test wherein detection of leak rates less than 1OIs 
cc.lsec. are detected. 
1. Field of the Invention 
The present invention relates to the testing of articles for 
leaks. More specifically, this invention is directed to improve- 
ments in apparatus for conducting leak tests, and particularly 
to the testing of articles for gross leaks. Accordingly, the 15 presenf invention, the vacuum in the 
general objects of the present invention are to provide novel 
and improved methods and apparatus of such character. 
Leak tests be divided categories. The first 
ofthe present invention; 
embodiment of the present invention; and In the prior art, a great deal Of dificulty has been FIG. 4 is a cross-sectiona1, side elevation view of a fixture 
prior art 4o for storing pressurized articles prior to leak testing in ace tered in attempting to ‘Onduct gross leak tests. gross leak tests have typically comprised some form of “bub- 
ble” test wherein the device to be tested was first immersed in cordance with the present invention. 
a pressurized gas atmosphere and thereafter submerged in a DESCRIPTION OF THE PREFERRED EMBODIMENT 
suitable liquid and visually inspected for the formation of bub- 
bles indicative of a leak. Such “bubble” tests have the obvious As a background for understanding and appreciating the 
disadvantage that, due to their inexactness, leaks too small for 45 mode of operation, the structure, and the results obtained 
the formation of visibly obsenrable bubbles and yet too large from the PXSent invention, it iS well to first consider the 
for detection by fine leak test methods, as will be described XI SO^ why gross leak tests Cannot be conducted in a prior art 
below, will not be noted. Further, “bubble” tests are subject to tYPe Of mass spectrometer leak detector such as is shown in 
human error and entrapped gases on the surface ofthe article FIG. 1. In the helium leak test an article or device 10 which is 
being tested often form bubbles or the testing fluid may degas 50 to be tested for hermetic sealing is, after having been pres- 
resulting in either case in the rejection of“good” devices. The surized in a helium atmosphere at 45-60 p.s.i.g, for 2 to 5 
encapsulated devices may themselves be damaged if the leak hours, inserted into a specimen chamber indicated generally 
is sufficiently gross to permit see page of the test chamber at 12. When the device 10 is inserted in the chamber 12, a pair 
fluid into the device container. of valves 14 and 16 will be closed, a rotary fore pump 18 will 
The most widely accepted technique in the prior art for con- 55 be operating and a mass spectrometer 20 will remain evacu- 
ducting tests for fine leaks comprises the helium leak test. The ated at pressures less than 0.2 microns through the action of a 
helium leak test consists of pressurizing the devices to be high vacuum pump 22. It is, of course, necessary to limit the 
tested in a helium atmosphere, flushing the devices with dry pressure in the mass spectrometer apparatus to less than 0.2 
nitrogen to remove absorbed helium and thereafter testing 6o microns in order to prevent burning out of the filament in the 
each device in a mass spectrometer leak detector. Such mass apparatus. After the device 10 has been inserted in the 
closed in U.S. Pat. No. 2,486,199 issued Oct. 25,  1949 to Al- cap 24, the valve 14 will be opened and the rotary pump 18 
will evacuate the chamber 12 to a pressure of 1-2 microns. If 
For the reasons to be described briefly below, helium tests 65 the leak in the article 10 is a fine leak 26, the pressure within 
are limited to detecting leak rates between 1015 and 10’ std. the article remains nearly constant during this initial pump 
CC/SeC. The Smaller leak rate limitation, Of Course, presents no down step. When the desired test chamber pressure is 
problem in determining the hermetic condition Of an encapsu- achieved, the valve 14 will be closed, the valve 16 opened and 
lated device. However, the faster leak rate limitation has the high vacuum pump 22 will evacuate the chamber 12 
previously precluded the use of helium leak tests for gross leak 70 through the helium m a s  spectrometer 20. In the case of a fine 
testing. leak, the pressurized helium within the article will be forced 
through the leak and will be detected by the mass spectrome- 
ter. However, in the case of a gross leak, by the time the valve 
16 is opened, the device 10 wilbhave been evacuated to apxes- 
advantages of the prior art and in so doing provides novel 75 sure approaching that existing in the chamber 12. Con- 
* spectrometer leak detectors are based on the technology dis- chamber 12 and the chamber sealed from the atmosphere by a ’ fred 0. Nier. 
SUMMARY OF THE INVENTON 
The present invention overcomes the above and other dis- 
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sequently, there will be little or no helium left in the article 10 When it is desired to perform leak tests on the individual 
to be detected by the spectrometer 20 upon opening of the cans 10, the lids 44 will be opened singly and the pressurized 
valve 16 and thus reliable testing is precluded. cans removed therefrom and inserted in the sample chamber 
As previously noted, the present invention is well suited for 32 of the leak tester of FIG. 3. It is to be noted that the transfer 
use in the testing of encaosulated semiconductor devices in 5 of the cans 10 to the samole chambers mav be accomolished 
I 
order to insure hermetic sealing thereof. Typically, semicon- 
ductor devices will be supported on a nonconductive substrate 
and mounted within a container such as the common TO5 
can. In FIGS. 1 and 2 the article 10 being tested represents a 
TO5 can having a gross leak therein as indicated by a hole 26. 
The apparatus schematically illustrated in FIG. 2 is identical 
to that of FIG. 1 with the exception that the specimen 
chamber cap 24 of FIG. 1 has been replaced by an orifice leak 
tester indicated generally at 30. 
The orifice leak tester 30 defines a sample chamber 32 into 
which the article (can) being tested is disposed. The open end 
of the test device 30, through which the article 10 is inserted, 
is sealable by means of a suitable plug 34 and a controlled leak 
manually or automatically: 
Considering now FIG. 3, a preferable version of the orifice 
leak tester 30 of FIG. 2 is depicted. In the FIG. 3 embodiment, 
a diaphragm 68 defines an orifice 66 which provides commu- 
nication between sample chamber 32 and the specimen test 
chamber 12 of the helium leak tester. Diaphragm 48 consists 
of a sheet of metal, typically brass, approximately 0.001 
inches thick. Tests have shown that the diameter of the orifice 
66 should be about 0.1 micron. While the diaphragm 68 will 
typically be soldered to a wall 64 which is common to both the 
specimen chamber 32 and the test chamber 12 of the detec- 
tion system (not shown), other means which will more readily 
permit diagram replacement should the orifice become 
of gas from within the chamber 32 and the can 10 into the 20 clogged may be provided to hold the diaphragm in place. 
specimen cham&.r 12 will occur through an orifice 36 The apparatus of FIG. 3 further comprises a hinged lid 60 
disposed in a wall to both the &ambers 12 and 32. which is held in the closed position by a magnet 70. An O-ring 
ne 3 is of such size that the gas flow therethrough is sed 72 between the lid and shoulder on the walk of the 
the maximum that can be handled by the high vacuum pump chamber 32 may be dispensed with in favor of a metal-to- 
22 while maintaining the vacuum in the tolerable region 25 metal contact in order to eliminate helium gas absorption by 
necessary for accurate mass spectrometer readings. However, the 
due to the restricted communication between the sample A fine 62 is mounted from the Of 32 
32 and the specimen chamber 12, the pressure and extends over the orifice in order to prevent large dirt par- 
30 than helium, such as nitrogen, enters through an inlet tube 74, mospheric. 
In operation of the system shown in FIG. 2, the ipecimen the gas flow being controlled at the source, not shown. Since 
chamber 12 is continuously evacuated by a hi& vacuum chamber 32 will be purged each time a new article is to be 
pump 22. The article which previously has been subjected tested, clogging of the orifice 66 is unlikely in view of the re- peated flow of the purging gas across the upper surface of the 
35 diaphragm 68. The advantages of this embodiment over the to helium pressurization and stored in a suitably sealed con- tainer, will be inserted in the sample chamber 32 and the one shown in FIG. is that a of purging the chamber 32 
chamber sealed with the 34' The sample chamber is provided for use between tests. Furthermore, the danger of 
32 should, previous to insertion of the article 10 therein, be plugging the orifice is reduced greatly. 
within the chamber 32 will normally remain at or near at- ticles from the Orifice. A dry purging gas Other 
purged with a gas Other than 
sample chamber 32 mixing with Other gases present therein. 
the orifice 36 into the specimen chamber l2 and any 
If there is a gross leak in To summarize the novel design criteria ofthe present inven- 
possible leak in an article being tested and the orifice in the 
the path. The foregoing is required in order to reduce the dif- 
the can "9 Some gas diffuse from the leak into the 40 tion, the length of the path that the helium travels between a 
Some of the mixture in the chamber 32 will be drawn through leak tester is short as to the cross-sectional area of 
present in the mixture which passes through the vale 16 into fusion time for helium to pass from the article to the orifice 
the spec- 45 thereby maximizing the effective sensitivity of the tester. Also, 
trometer. the orifice is of such a shape that helium entering the orifice 
will flow through the orifice at a sufficiently rapid rate so that 
of operation of the present invention may be w d ~ ~ t o o d .  The the response time of the test is not increased. This ordinarily 
actual structure Of preferred embodiment Of leak tester 30 is means that the gas flow through the orifice is viscous in nature 
shown in FIG. 3. However, before discussing this embodiment, 50 rather than diffusional. Also, the orifice size is such that the 
the Storage jig Of FIG. 4 Will be described. The apparatus Of gas flow rate therethrough is close to the maximum rate that 
FIG. 4 comprises a body, indicated generally at 40, which the high vacuum pump on the spectrometer can handle and 
defines a plurality Of storage CUPS 42. In actual Practice body still keep the spectrometer pressure within its proper operat- 
40 should contain at least 100 storage CUPS 42. Of the 55 ing range. To maximize the sensitivity of the tester, the sample 
cups 42 is provided with a hinged top lid 44. The articles to be chamber is designed so as to have a volume which is only 
tested, such as the cans 10, are dropped into the cups 42 and, slightly larger than the articles to be tested therein. However, 
when all of the cups 42 are filled, the individual hinged lids 44 this volume should be sufficiently large SO that all the gas 
are caused to close. A plurality of suitable seals, such as O-ring therein will not be evacuated at a rate exceeding the response 
46, are provided around the entrance to each of the cups 42 60 and effective recording time of the mass spectrometer. In this 
and, when the lids 44 aredclosed, they will be held in position regard, it is to be noted that the pressure in the sample 
and the seals 46 compressed by means of a plurality of per- chamber 32 may be any value, the sensitivity of the tester 
manent magnets 48. being proportional to the absolute pressure. However, the rate 
After loading of the cups 42, and with a lower hinged door of change of pressure in the sample chamber should be SUG- 
structure 50 in the open position as shown, the storage jig 40 65 ciently low to guard against large errors being introduced by 
will be subjected to an atmosphere of helium at a pressure of the response time of the mass spectrometer. Similarly, the 
approximately 60 p.s.i.g. for 2 hours. Helium will enter each of ratio of the volume of the sample chamber to that of the sam- 
the cups 42 through a corresponding plurality of relatively ple must be compatible with the requirement that the helium 
small diameter openings 52 in the bottoms thereof and, should path length be small compared to the cross-sectional area of 
any of the cans 10 have a leak therein, helium will seep into 70 the path. 
the interior thereof. At the termination of the pressurization While a workable embodiment has been shown and 
cycle, the lower door 50 will be closed and will be held in the described, various modifications and substitutions may be 
c l o d  position by a magnet 54. m e  sealing of the openings 52 made thereto without departing from the spirit and scope of 
is assured by a compressible sheet of sealing material 56 which the present invention. For extmple, the present invention 
is suitably mounted on the inside of the door 50. 75 might be combined with suita'le automatic equipment and 
spectrometer 2o be detected by the 
From the foregoingdesc*PtionofFIG. 29 the general 
Y 
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valving to permit automatic gross leak testing followed by fine 
leak testing. That is, through the use of suitable valving, the 
sample chamber 32 may be pumped down to the pressure of 
the mass spectrometer following a gross leak test and a fine 
leak test performed in the manner of the prior art; the orifice 5 
having no noticeable effect with the pressures equalized in the 
sample and specimen chambers. Also, the storing fixture can 
be modified so that devices that have been pressurized with 
helium can then be placed in storage cups previously purged 
free of helium. The devices would then remain in the cups for 10 
a sufficient period of time so that leaking devices would effuse 
sufficient helium in the cups. Then the storing fixture could be 
mounted upon an orifice leak tester without a sample chamber 
32. The storage fixture and orifice leak tester would be 
designed so that each cup could be sequentially connected to 15 
the orifice in order to sample the gas within the cup. This 
the magnitude of the leak being measured directly upon the 
very rapid testing. 
A. a test chamber means communicating with the detection 
equipment; 
B. means defining a sample chamber having a large area 
opening in a first wall portion thereof through which pres- 
surized articles to be tested may be inserted; 
c. means for sealing said opening after test article insertion; 
D. orifice defining means in a second Wall portion common 
to both said chamber defining means and said test 
chamber, said orifice means providing a fluid communi- 
Cation path Of substantially minimal length between said 
sample chamber and said test chamber; 
chamber with a gas to 
which the detection equipment is nonresponsive sub- 
sequent to the insertion of articles into said sample 
chamber; 
E. for purging said 
F. an aperture in said second portion; and 
process has the advantage of elimination of the fine leak test, G' a diaphragm bridging said aperture and having a diameter hole therein. 
3. Apparatus for testing for leaks in articles, said apparatus 
for detecting a selected gas and the articles to be tested being 
subjected to a pressurized environment comprising said detec- 
tion gas prior to testing, said apparatus comprising: 
A. a test chamber communicating with the detection 
equipment 
B. means debning a sample chamber having a large area 
opening in a first wall portion thereof through which pres- 
surized articles to be tested may be inserted; 
C. means for sealing said opening after test article insertion; 
D. orifice defining means in a second wall portion common 
to both said sample chamber defining means and said test 
chamber, said orifice means providing a fluid communi- 
cation path of substantially minimal length between said 
sample chamber and said test chamber; 
E. means for purging said sample chamber with a gas to 
which the detection equipment is nonresponsive sub- 
sequent to the insertion of articles into said sample 
chamber; 
F. an aperture in said second wall portion; 
G. a diaphragm bridging said aperture and having a small 
diameter hole therein; and 
H. said hole in said diaphragm is of such size and shape that 
viscous flow therethrough of the gas to be detected will 
occur, said flow being at a rate whereby the pressure in 
the detection equipment Will mnain in its operating range 
and a sufficient amount of detection gas to enable testing 
will remain in said sample chamber after a period equal to 
the response time of the detection equipment. 
Inass 'pectrometer. this process would permit 20 being intended for use in combination with suitable equipment 
I claim: 
1. Apparatus for testing for leaks in articles, said apparatus 
being intended for use in combination with suitable equipment 
for detecting a selected gas and the articles to be tested being 25 
subjected to a pressurized environment comprising said detec- 
tion gas prior to testing, said apparatus comprising: 
A. a test chamber means communicating with the detection 
equipment; 
B. means defining a sample chamber having a large area 30 
opening in a first wall portion thereof through which pres- 
surized articles to be tested may be inserted; 
C. means for sealing said opening after test article insertion; 
D. orifice defining means in a second wall portion common 
to both said sample chamber defining means and said test 35 
chamber, said orifice means providing a fluid communi- 
cation path of substantially minimal length between said 
sample chamber and said test chamber; 
E. means for purging said sample chamber with a gas to 
which the detection equipment is nonresponsive sub- 40 
sequent to the insertion of articles into said sample 
chamber; and 
F. a screen mounted in said sample chamber for supporting 
the test articles above said orifice defining means. 
2. Apparatus for testing for leaks in articles, said apparatus 45 
being intended for use in combination with suitable equipment 
for detecting a selected gas and the articles to be tested being 
subjected to a pressurized environment comprising said detec- 
tion gas prior to testing, said apparatus comprising: 
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